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ON THE RELATIVE ADEQUACY OF SOME AMERICAN
CHAMBERS FOR MEASUREMENTS IN THE
GRENZ RAY RANGE*
VICTOR H. WITTEN, M.D., EDGAR N. GRISEWOOD, M.A. AND ELEANOR
OSHRY, B.S.t
The use of grenz radiation has been slow to find favor as a therapeutic modality
by the dermatologists of this country. While in the past there were many reasons
for this delay, recently there has been an increased acceptance of this form of
radiation for the therapy of certain dermatologic disorders. This is indicated by
the number of original articles and case reports appearing in the literature and
by the larger number of grenz ray therapy machines now owned by derma-
tologists.
Among the reasons for the increasing use of grenz radiation are: (1) availability
of the units, (2) improvements in their construction, (3) improvements in the
tubes—notably introduction of beryllium windows, and (4) greater knowledge
of the indications for the use and the results to be expected with this mode of
therapy. In addition, data are now being accumulated which should help establish
more definite dosage schedules for the treatment of various dermatoses.
In spite of this increasing use of grenz radiation, one shortcoming has been
particularly evident; that is, the difficulty of obtaining satisfactory calibrations
of the output of these low energy x-ray units. While various instruments have
been used over the years to calibrate grenz ray machines, very few have been
available in this country. Here, a commercially manufactured domestic thimble-
type ionization chamber has been generally employed for measuring low energy
radiation and it has not been satisfactory for use in the grenz ray region. It was
therefore important to find a readily available instrument that would facilitate
the uniform calibration of grenz ray units.
Such uniformity would make it possible for all users of grenz ray radiation to
know that they were referring to the same values when they spoke of "r"
(roentgens) and "half value layer" (expressed in microns of aluminum). These
values standardized, the clinical experiences of various observers could be re-
ported, compared and evaluated in the same way and established dosage sched-
ules could be worked out. Records would become dependable, permitting re-
evaluation of the results at any later date. In short, the standardization of grenz
ray measurement should do for the therapeutic applications of grenz rays what
the standardization of the measurement of the more penetrating x-rays did for
the therapeutic use of this quality of x-rays.
Since conventional ionization chambers which are used to measure x-rays in
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the 60 to 400 kv range are not directly applicable for use at lower or higher
energies, special instruments and technics have been devised for measurements
in these regions.
A satisfactory instrument for measuring radiation must tell how much (quan-
tity) and what kind (quality) of radiation is being delivered to a given point.
The quantity is expressed in roentgens where one roentgen is defined as the
quantity of x or gamma radiation such that the associated corpuscular emission
per 0.001293 grams of air, produces, in the air, ions carrying 1 esu of quantity
of electricity of either sign. The quality may be expressed in terms of the half-
value layer (HVL) of aluminum, i.e. the thickness of aluminum needed to reduce
the quantity of radiation measured in roentgens to one half of the original value.
A satisfactory instrument should give readings that are proportional to the
quantity of radiation, whatever the quality (i.e. be quality independent). To de-
termine the half value layer of a beam of radiation, first the intensity (quantity
per unit time) is measured without filter. Then absorbers of various thicknesses
are placed between the source of radiation and the measuring chamber. An in-
tensity measurement is made for each filter, and an intensity versus absorber-
thickness curve is plotted. Thus the thickness of absorber which reduces the
initial intensity to just one half can be obtained. This is the half value layer
(HVL). However, the interposition of absorber reduces the transmitted radiation
unevenly with respect to quality, the softest rays being transmitted least. This
has the effect of increasing the net hardness of the transmitted radiation. If the
measuring chamber is highly quality dependent, a different correction factor
would be required for each absorber thickness used. But, in general these factors
can not be applied because the HVL of the transmitted radiation is not known
in advance. Thus, it is important that the change of instrument response with
quality he small or negligible in the range in which it will be used.
For measurements in the low energy region, the chamber-wall or window must
be extremely thin to minimize absorption, yet it must have sufficient mechanical
strength to hold its shape. Very slight variations in wall or window thickness
cause large differences in measurements of intensity.
In a thimble chamber the main difficulty is to maintain uniform wall thick-
ness. The usual objection to a window type chamber is that the volume exposed
to radiation is dependent upon the distance from target to chamber. As shown
in Fig. 1 a target close to the window will expose a larger volume of air within
the chamber than will a more distant target. This is true even though the radi-
ation covers the entire window in both cases.
If ions are formed within the chamber faster than they can be collected by
the charged electrodes, recombination occurs. This means that not all of the ions
produced by the incident radiation reach the collecting electrodes of the chamber,
and, as a result, the reading is too low. This phenomenon is known as saturation
of the chamber. Chambers should be designed and constructed to avoid this
occurrence under the particular conditions of use.
As normally used by dermatologists, grenz radiation is considered to be in the
IIVL range of 18 to 36 microns of aluminum. For optimum operating conditions,
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this radiation should be delivered at target-skin distances of 10 to 20 cm and
at a rate not greater than 1000 r/min.
At target-skin distances of less than 10 cm large errors may be introduced due
to the difficulty of setting up and maintaining the exact distance. At 10 cm target-
skin distance a 5 mm error in distance will alter the dosage rate 10 % or more.
Use of grenz radiation at distances less than 10 cm is therefore not generally
advisable.
Limiting the dose-rate in therapy to 1000 r/min is desirable because of the
design of the grenz-ray equipment itself. The timers supplied with most com-
mercial units can not be set to less than one second intervals. Thus at a dosage
rate of 1000 r/min an error of second in the time of exposure results in the
delivery of 8.3r more or less than the expected amount. For a 200r treatment,
this represents a 4 % error.
In general, a chamber, to be satisfactory for the routine measurement of grenz
radiation, must be one which:
1) has a very thin window, one which will produce only minimal alteration
in the quality or quantity of radiation being measured.
2) is independent of quality variation.
3) has been standardized against the free air chamber at the U. S. National
Bureau of Standards or a similar primary standard.
4) is simple to operate.
Divrqønc of bzom in
chamber is Iarq.
VoIum rzxposad io ionizinq
radiation is /arqz.
Fie. 1. Schematic diagram illustrating that the volume exposed within a window type
chamber is dependent upon the distance from target to chamber.
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5) does not require elaborate or costly auxiliary equipment.
6) is readily available.
7) is rugged and dependable.
Early in 1952 a chamber in the possession of Dr. Marion B. Sulaherger and
one of us (V. H. W.) was investigated. This chamber had previously belonged
to Dr. George M. MacKee for whom it had been constructed in 1933 by the
Victoreen Instrument Company. Designated E128, it was designed for use with
the Victoreen Electrometer, Model 70. The chamber had never been used for
the routine calibration of grenz ray apparatus. Later in 1952, it was taken to
the U. S. National Bureau of Standards by one of us (E. 0.) to be calibrated
against their newly constructed open air chamber. This calibration together
with experimental tests and later the routine use of the E128 chamber in the
calibration of grenz ray machines proved that this chamber fulfilled all seven
requirements listed above.'
The present paper is a revie\v of the results obtained by comparing the E128
chamber to several others made available to us for study.
DE5CHIPTION OF CHAMBE1IS
Chamber 12 (Fig. 2a)
This is a condenser-type chamber of rectangular cross section. The walls are metal ex-
cept for a window opening 0.636 cm in diameter. This aperture is covered with goldbeater's
skin (the outer coat of the caccum of the ox) the underside of which is rendered conductive
with a carbon compound. The center electrode is a metal pin (less than a millimeter in
diameter) which is insulated from the walls. A charge is placed on the electrode by contact
with the electrometer charging system. This chamber is designed to be used with a standard
type string electrometer.3
Chamber 21
This is a window-type chamber similar in design to chamber 1 but having a nylon window
approximately 0.00025 inch (0.06 mm) thick in place of the goldbeater's skin. This model is
designed for use with the same electrometer' as is used with chamber 1.
Chamber 3'
This is a window-type chamber with an active volume identical with that of chamber 2.
This model contains a pre-amplifier built in the base which serves to amplify the charge
produced by the radiation so it can be transmitted over a cable several feet in length to a
meter well out of the radiation field or the area of possible scattered radiation. One type of
meter' gives continuous readings in r/min on one of four scales (0—30 r/min, 0—100 r/min,
0—300 r/min, or 0—1000 r/min). Another type of meter7 which may be used with this chamber
'A slight modification of the model E 128 chamber is now commercially available.
2 Model E 128, Grenz Ray Chamber, \Tictoreen Instrument Co.
'Model 70, Condenser r-Meter with appropriate chamber and case, Victoreen Instru-
ment Co., present price stated to be $395.
'Model 128, 250r Crenz Ray Chamber, Victoreen Instrument Co., present price stated
to be $100.
& Model 614, Probe Assembly, Grens Ray, Victoreen Instrument Co., present price stated
to be $230.
6 Model 510, Roentgen Ratemeter with appropriate probe assembly and interconnecting
cable, Victoreen Instrument Co., present price stated to be $825.
Model 575, Radocon with appropriate probe assembly and interconnecting cable, Vie-
toreen Instrument Co., present price stated to be $1,195.
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and pre-amplifier also permits continuous readings in r/min with choice of the higher three
of the scales given above, hut in addition gives the total quantity of radiation (expressed in
roentgens) for the total time that the chamber is exposed.
Chamber 48 (Fig. 2b)
This is a thimble-type ehamher with nylon walls about 0.1 mm thick. The active volume
has a circular cross section approximately 7 mm in diameter. The center electrode is a metal
pin which is insulated from the walls. Readings are made on the same electrometer used
with chambers 1 and 2.
Chamber ,59 (Fig. 2c)
This is a condenser-type chamber which is circular in design with a flat surface top and
bottom. Each of these surfaces has nylon windows 0.01 mm thick and made conductive on
their inner surfaces. The collecting electrode is a nylon diaphragm 0.01 mm thick and made
conductive on both sides. The dimensions of the chamber are given in Fig. 2c. Brass dia-
phragms with apertures 1 to 3 mm in diameter are placed over the top window so as to
permit the measurement of high exposure rates. Calibration factors must be obtained for
each diaphragm. Readings are made on a special string type electrometer.
Chamber 6'° (Fig. 3d)
This is an enthwindow chamber with a pre-amplifier in the base and attached cable which
is connected to a meter placed at a distance from the radiation field. The plastic window
which is about 0.001 inch thick is made conductive on its under side. The center electrode is
a graphite rod. The amplified ionization current is read continuously during the exposure
time on one of three meters sealedo—100 r/min, 0—1000 r/min, 0—10,000 r/min. All three meters
are mounted on the same amplifier housing.
PROC RDURE FOR COMPARISON OF CHAMBERS
The procedure used for Comparing the various Chambers was to simultane-
ousiy expose chnmber 1 and in turn one of the other chambers under test in the
same grenz ray beam. The time of exposure was adjusted so that the electrometer
reading would be betw-een one half and two-thirds of full scale. In order to reduce
differences in dosage-rate due to the possible non-uniformity of the field of radi-
ation, at each distance, the positions of the two chambers were interchanged.
Five readings were taken with each chamber in each position and an average
used. This was done for target distances of 10 and 20 cm and for three different
qualities of radiation at each distance. The ratio of the average reading of the
chamber under test to the average reading of chamber 1 for the same distance
and setting was then calculated. A quality variation of from 10 to 30 microns of
aluminum HILL as determined by the chamber 1 readings was obtained by vary-
ing the voltage. In the course of these tests more than ten grenz ray units, the
products of four different manufacturers, were used. Both beryllium and Linde-
mann window tubes were tested.
8 Model 365, 250r Low-Energy Nylon Chamber, Victoreen Instrument Co., present price
stated to be $75.
Special instrument, constructed for Mr. Carl Braestrup and designated U-X5. We are
indebted to Mr. Hanson Blatz for the loan of this instrument and for his cooperation and
help.
Bucky Crenz Ray Dosimeter, International Medical Research Corp., present price
stated to be $750 complete.
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TABLE I
}I.VL. in Microns of Al
Ratio of Average Reading of Chamber Under Test to Average Reading of Chamber 1
Chamber 2
Chamber I
1.10
Chamber 3
Chamber I
0.96
Chamber 5
Chamber 1
—
Chamber S
Chamber 1
0.9310
20 1.11 1.00 0.97 0.97
30 1.16 1.05 0.97 1.04
RESULTS OF COMPARISON OF CHAMBERS
Chamber 1
Chamber 1 was chosen as the standard of comparison for several reasons:
1) it was in our continuous possession, 2) it was calibrated at the U. S. National
Bureau of Standards when this study was first undertaken in 1952 (and again
in 1954), and 3) it met the requirements which we originally thought a chamber
should have to satisfactorily measure in the grenz ray range. Most important,
the quality response curve was notably flat as shown by data compiled by
standardization against the free air instrument at the U. S. National Bureau of
Standards. A variation of only 7 % was plotted for the half value layer range of
17 to 45 microns aluminum (Fig. 3).
The thin window is so proportioned to the chamber depth that a change of
-target distance from 10 to 20 cm resulted in less than a 5 % correction in the
reading. Further there was no evidence of ion recombination for exposure rates
up to 2000 r/min.
Chamber 2
As might be expected from the equivalence in shape and physical construction
of this chamber to chamber 1, it gave comparable results. The comparison of the
readings for this chamber against those for chamber 1, as given in Table I, iii
dicate that the quality response curve must also be relatively flat. For change of
target distaisce from 10 to 20 cm the correction in the reading was again less than
5%. There was no evideitce of ion recombination for exposure rates up to 200J
r/min. The change from goldbeater's skin used in the window of chamber 1 to
thin nylon in chamber 2 did not appear to alter the characteristics of the chamber
significantly.
Chamber 3
The chamber proper is identical with chamber 2 and the physical behavior is
therefore comparable in regard to change of target distance, exposure rate and
quality response (Table I). In the use of an amplifier circuit, care must be taken
to check the zero balance from time to time during a series of readings.
Chamber 4
Fig. 3 shows that this chamber does not satisfy the all important property of
having a response which is independent of the quality of the radiation in the
FTG. 3. Quality response curves for four of the chambers tested. Note: It was our desire
to plot chamber response against half value layer in every instance. The Bureau of Stand-
ards calibrations gave both half value layer values and corresponding KV values for cham-
bers 1, 4, and 5, but gave only K\T values for chamber 6. Therefore, the response of chamber
6 is plotted separately.
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grenz region. Data for this curve was obtained by comparison with the free air
instrument at the U. S. National Bureau of Standards. When this nylon thimble
chamber was rotated about its long axis a variation in reading with the angular
position of the chamber was found. Table II gives the relative readings obtained
for soft radiation and shows that an error as large as 20 % of the maximum read-
ing occurs. This variation is attributed to the absorption of the non-uniform
wall. For the reasons mentioned this chamber is not considered satisfactory for
calibration in the grenz ray region.
TABLE II
Assgular Position of Thimbie in Grena Ray Beam Output (Readings Expressed in Arbitrary Units)
0°
90°
1800
270°
100
80
87
93
Chamber 5
This chamber gave an almost flat quality response curve, as shown in Fig. 3.
This instrument when used with the correct diaphragm gives no evidence of ion
recombination up to exposure rates of 2000 r/min and less than 5 % correction
factor for target distance change from 10 to 20 ems.
Chamber 6
The quality response of this chamber was almost flat as indicated in Fig. 3.
Although the shape of this end window chamber was different from the other
chambers tested it appeared to satisfy the dimensional requirements so that the
correction in reading for target distance change from 10 to 20 cm was less than
5% and no evidence of ion combination was found up to exposure rates of 2000
r/min.
5UMMARY
Criteria were set up for judging the practical usefulness of 6 American chambers
designed for measuring radiation in the grens ray region.
Each of the chambers is described, the procedure used for their comparison
is outlined, and the results obtained are given.
Data are submitted on the relative adequaney of these chambers to measure
in the grenz ray range. Five of the six chambers appeared to be adequate for
measurements in the grens ray region.
It is hoped that this comparison of these various chambers will provide useful
information and increase the reliability, safety and practicality of grenz ray
therapy in dermatology.
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